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DEVELAPMSNT ANTIEVALUATION OF SYSTEHS FOR CONTROLLING
PARALUL HIGN difdt TNTRATRONS

Allen Litton ●nd Glen ffcDuff
University of California, Los Aldmom National Laboratory

P. O. Box 1663, LOS,AIBBOS, New Hexico 87565

Abetract

Increasing ntmbers of hisb power. high repeti-
tion rate ●pplication dictate the une of tbyratrona
in multiple or “bard parallel” configuration to
●chieve the required rate of current rime, di/dt.
ThiB in turn demandn the develo~nt of system to
control parallel thyrntron c~tation with nano-
second ●ccuracy. Such syntemc must be capable of
real-time, fully-mutomated control in ❑ulti-kilohertz
application while still r~ininc coct ●ffective.
Thin psper dencribem tbe ●volution of ●uch ● control
methodology ●nd system.

Three technique- to control thyratrc.n c~uta-
tion h{lve been ●xamined ●nd tented remultin~ in the
development of ● computer-controlled nyntem, By
proper correlation af trigter timr and ●mplitude,
three thyratronn have been operated in hard parallel
with ● c-on 10 f) PFN and load up tn 1500 ppn. The
dinchar~e circuit ●nd controln have operttcd over 10s
d.rots without fmultm, Load current jitter ham been
●aintained to i2 ❑a at the 25 kV 10 fl operatins point

with little or no cbmge in current ●baring with
changen in repetition rate, This characteristic
lend- it-elf LO ●pplicatioum requirins fomn of pulce
modulation. The proponed control circuitry U-C- cur-
rently avail~hle off-the-shelf •nalo~ ●nd di~ital
components to keep ●yntem coatn low,

Am report~d ● year ●go,’ two low-inductmncr
NY-3103 thyratrons were oprrated in “hard parallel”
in s 25 fl ■odulator circuit ●t repetition ratan to
250 pFfi, Thim wan ●ccomplished by ●djuntin~ th-
negativv -rid bian (thum the #node delay time) “o

lorr~ the thyratrono to c~utatc nl the ●am# time,
This ■eLhod ●llow~d thr une of ● ain~le source to
tri~ler both tube~, Lhum r~drrcin~ jitter. A co-on
drlv~r ●ay ●l-o rdur~ th~ romt, pmrLicularly in ●

multiple-tube circuit,
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Fig, 1. Dynamic breakdown voltage VB re~ervoir
voltage.

than l% ●ccuracy; however, the grid-anode -pacing
■ay vary up to *20X. Tbum it is Lhe “d” term of the

Pd product cauain~ the difference in breakdown volt-
●gem. The small difference between grid-anode

mpacint which may be ●cceptable in ● ●in~le tub:
c~rcu~b ham ● dramtlc ●ffect when thyratronn are

operated in parallel. FurLher measurements were

■ade to obmerve tbe dlfferenreo in ●node or cornuta-
tion delay vn rebcrvoir voltage between tbe tuben.
An ●mpected, the Lubes wer~ quiLe different in Lhim
renpect, but the delay wam linked loonely Lo ne
tube’s dynamic breakdown.

Tbe rcnervoir volLmBem fnr Lhe Lwo LhyraLon#
were ●ujusLed Lo clonely ❑#Lch Lh~ co-uLatlon delmym

●nd the Lhyratronm wc r? rrconnect~d in parallel.

Thi- modification i-roved the circuit ●tnbllity con-
●iderab’), ●Ilowinc opermLion of the rndulmLor ●t UP
to 1000 ppn ●t rated thyratron voltaSe. The requlr@-

wnt for frcquant biam ●djustment waa found LO be
relaned ●-what, reducirrh th~ need for bi~h ●p?ed

corrtrolm.
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ti ‘~mtrens wre brought q to ra~d woltege
(25 W res~nt cher~e) ●ad the tube currents mre
250 Mpa peak eecb. Aoode voltagm uaB varied fra
16 kv to 30 W and the repetition rete fr= 100 ppm

to 1S00 pps with leme them 15% chem~ in shored cur-

rent mlitude. Ihie -!hd prmed b be the most
reliabla eod smile wag of comrolliq parallal thy-
ratroo c-tetion. For a f hed ●ode woltm~, the
tri~ter delnye *uld need ●djustti~ ● -x- of once
●u hour retmrdless of repetition rnte. Centinuous
rue of 6 to 8 hour- were ~ ●t reted thyretron
Voltege eod 1000 ppm.

All teets up to thie point -re done ●t ● lov
peak current ●nd tbue iou di/dt. Since ~od succese
wa● achiewed with the indiwiduel tri~ger delay
sch-, the next pheee wne to ●xpmmd to three thyra-
trons ●nd l-r the discher~e circuit iqedmnce fra
2s n to 10 n. A photo of th three-tube dischar~e
circuit is ●houn in Fic. 2. Cere w- taken to re-
duce the diecherne loop induc-nce ●nd still limit
the tube di/dt to 1011 ~m/mec. It had been feud
previously thet when the di,’dt in the UT-2013 wam in
●xcesm of 10” Qs/eec at 1000 ppm, ●ode hestiq
would cmume the gas deneitf (thus ion ~neration
rete) to becm efficiently lov to ceuse ●rci.ng h
the @d-eoode ~ep.s

A block diegree of the three-thy ratron tefit cir-
cuit ie seen in Fit. 3. Per fomence of the threm-
tube circuit wan ●quel to or better then the two-tube
circuit. Lmtering the ~edance frm 25 fJ to 10 (1
did not ●ffect the behavior of the tk~retronm or t,ha
current-mherint ●tability. hwever, 10 fi is still ●m
order of mguitude hi@er than the ~dmce level
ultlutely waded. An oscillogrem of the three tuba
currents md the load current ia ●een in FIc. 4. 11
-hould be noted that the loed di/dt sppenrm to ba

aree~er then the ●m of the thyratron di/dts. Be-
ceuse the ●ffort of this pro~ree wcs to perfect m
steed-elooa ■ystem to operete thyretrom in kerd
permllel, the ●ffect of di/dt ●ohmncmment was oot
inve-tissted ●t thin tin, Current pulee perawters
for both the two ●nd three tube nodulatora ● re ●houm
in ri~. 5.

Control Methodr+lom

All dowei~nt ●ctlvittee used Tmhtreats wew-
?om di~itimerm to provide the menosecoed tk reso-
lution needed to control th~retron cmtmtieo. Tke
thyratrom would current ●here if the c~tetioe ef
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Fit. 1. Yhroe pemllel thyretrea te8t c~rcuit,
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Fig. 3. A block diagrem of the three-thyratron tes~

?ia. 4. Oecillo~rm of L~tt* tube curremt puleet
Top three treces - tub curremte 200 A/di~
Botta trece - lead current 500 A/di!
Moric - 100 ●e/dlv.
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●ll tuhm uaa uitk i 2-4 “OS WiOdti, Conventional
counter-type -murant techniques can ●t best give
20-me resolution, uhich is fmr from the nmnoaocond
resolution needed. Sophisticated SM1OS frequency

shift techniqmm cm gire the real time resolution
required, but ●re extrmely involv,d mnd ●xpenniva.
Using waveform digitizer with cquter control is ●

viable ■olution but ●lso ●xperrcive.

A block dis~rmm of the tiystem devised to control
t:. On catation im shown in Fit. 6. ThiB con-
tro. ,chnique i- baned on charSe trannfer rather

than ,1-tine current memmure9entm. The c-n
●aer4Y ore (PYX) im char~ed to voltqe V ●nd cor-
renponoing char~e Q. With three thyratronm, ●ach
●hould pars 9/3 in the same ●-uot of time if ●qual
sharin~ im trhieved. The output of tbe thyratron
CVR in integl lted (to Sive Q), ●mplified ●nd fed to
a nnmple-hold. The ●a@e-hold in tri~~ered ●t ●

predetermined time durinB the current pulse and the
v~lue of Q is mtored. A lW ●peed A/D converter
translate the value of Q to ●n O-bit digital word.
The ●icroprocessor ●verage- ●ll the valuen of Q ●nd
nubtracts ●tch Q from the ●vera~e. If the differ-
●nce between the ●vera~e ●nd tbe meamured Q im within
pref’ctemined rmte, the microprocessor does ❑othing,
If Lhe difference in out of tolerance in the ❑m~ative
direction, that particular thyrntron it cmutatin~
too ●arly ●nd the ■icroprocemnor ●djusto the proSran-

msble delay ●ccordingly. Likewi.me, if the differmce
in out of tolerance in the ponitive direction, the
tube was fired too late. Experiments ●how that dahy
●djumt~ntn in two nmnoaecond steps is ●dequate to
force current oharing. Hybrid proBrammble ,delay
●inicircuita ●re svailable that can increment in 1 nn
●tepm from 1 n- tO 255 ❑ n ●nd in 2 n- ●tepo from 1 no
to 530 ❑ -. Thrue programble delayn interface di-
rectly with the 8-bit output of many ●icroproceanorm.
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All deve.op&t of the control circuitq bam

utilized the waveform digitizer for performing the
integration, sample hold, ●nd A/D fumctions ●nd ●

POP-11 ha- performed the k.croprocemsor ●nd proSram-
mmble delay fumctielrn. The discrete inte~rator,
●mple-hold, ●nd A/D portion of the control nyatem
has been built ●nd temted but ● co@ete syfitemhas
not been completed.

Future Areaa of Development

The ●uccesoful operation of three hard parmllel
thyrmt’rona mmkes the probability of uming four or
more tube- very good. Having reduced the inpedmnce
of the diochar~e circuit fr- 25 fl (2 tubec) to 10 ()
(3 tube-) with no degradation in ptrfomsnce ●ug-
~emts develo~nt should be continued. tfltltiple
uninterrupted 5-hour rums have proven the principle
●nd ●Lability of the symtem. Several characteri~t. cc
of thin ●ystem favor it- ume in ●pplication where
repetition rate ●rrd/or power agility ●re required ●s
in high-enerSy laser systems or pulne-modulated power
●yltemn .

The ❑ext proponecl step in to complete develop-
●ent )f an integrate ●tartd-zlone contlol nyntem for
up to five parallel cube-. One suggenLed ●pplication
involven construction of a fully-inmtrummted five-
parallel thyrrntron-nwitched pul~ed charged line in
stripline Reometry, po-oibly with *n ●rncimer lader
load . Te~cinS the symtem in ●n ●clual lamer environ-
■ent io most important to the devtlopnent of s reli-
●ble control ●yrtem.

Conclusion——

Several ❑ethod- for the control of hard-parallel
thyr~trons have been invectignted and dlmcrrnsed. The

●ost prominina method of control developed ao far

●eemn to be accurate cuntrol of individual thyrmtron
trigger timing. A method of uning conventional ● na-
10S .nd digit-l technology to implement ● computer-
controlled ny-t?m is shown with hope~ that ~ completr
syntem can be demonstrated in the nr~r futurr.
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Fic. 6. Control ~vmtam block dla~r~m.


